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(57) ABSTRACT 
A substrate for measurement of a-amylase activity com 
prising a malto-oligo Saccharide respresented by gen 
eral formuai (I) or (V) described below: 

A-Gn-B (I) 

A-Gn- (V) 

wherein A represents: 

CH2-X-R (II) 

Of 

Xs-CH (II) 
Rs 
N O 
C 

/ N R OH 

X4 
OH 

B represents a monosaccharide or a derivative thereof 
other than glucose; I represents inositol or a derivative 
thereof G represents glucose; and n represents an inte 
ger of 3 to 15; in formula (II) or (III), R to R each 
represents a hydrogen atom, a lowr alkyl group or 
(CH2)yCOOM (wherein y is 0, 1 or 2 and M represents 
a hydrogen atom or an alkali metal); and X to X; each 
represents an oxygen atom or a sulfur atom. 

4. Claims, 2 Drawing Sheets 
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SUBSTRATE FOR MEASUREMENT OF 
ALPHA-AMYLASE ACTIVITY 

FIELD OF THE INVENTION AND RELATED 
ART STATEMENT - 

5 

The present invention relates to a novel substrate for 
measurement of a-amylase activity. 
For diagnosis of acute pancreatitis, parotitis, etc. 

there is known a method for measuring a-amylase activ 
ity in serum or urine. 
As a substrate for measurement for a-amylase activ 

ity, starch has been heretofore used but there was a 
difficulty in accuracy. For this reason, in recent years, 
malto-oligo saccharides represented by malto-pentose 
(G5) have been adopted as substrates for measurement 
for a-amylase activity. That is, when a-glucosidase is 
used as a coupled enzyme of a-amylase, the a-amylase 
activity can be measured by the following method. 

G5 -gamylase e-maltose (G2) + malto-triose (G3) 

a-glucosidase G + G-GSOScase GSG 

The thus produced glucose (G1) is quantitatively 
assayed by, for example, glucose oxidase/peroxidase/- 
dye system or hexokinase/phosphoglucomutase/- 
glucose-6-phosphate dehydrogenase/NADH system or 
the like to measure the a-amylase activity. 

Further, there has been recently proposed a method 
for measurement of a-amylase activity by introducing 
phenolic compounds such as p-nitrophenol or the like as 
aglycon into the reducing-end glucose, liberating agly 
con and measuring its spectrum absorption (Published 
Examined Japanese Patent Application No. 53079/82). 

In the case of using the aforesaid malto-oligosaccha 
ride as a substrate for measurement of a-amylase activ 
ity, however, measurement error occurs because endog 
enous glucose or maltose in serum or urine used as a 
sample is present and such affect the measurement. 
Therefore, in the case of using malto-oligosaccharide as 
a substrate for measurement of a-amylase activity, it 
was necessary to previously treat glucose in the sample 
using hexokinase, etc. 
On the other hand, in the case of using the phenolic 

compound as aglycon in the method of published Ex 
amined Japanese Patent Application No. 53079/82, the 
liberated chromophore is affected by various substances 
co-present in the sample and absorbancy tends to 
change and as a result, accuracy in measurement de 
creases in some occasion. 
As such, any of conventional methods for measure 

ment of a-amylase activity involves problems in opera 
tion, measurement accuracy, etc. 
OBJECT AND SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
substrate used for measurement of a-amylase activity 
which has solved the aforesaid problems in the conven 
tional methods, is not affected by endogeneous glucose 
or maltose and is capable of measuring absorbancy in 
high accuracy. 
Another object of the present invention is to provide 

a substrate used for measurement of a-amylase activity 
which enables to efficient measurement of a-amylase 
activity accurately and stably. 
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2 
The features of the present invention reside in a sub 

strate for measurement of a-amylase activity compris 
ing a malto-oligo saccharide represented by general 
formula (I) or (V) described below: 

A-Gn-B (I) 

A-Gn-I (V) 

wherein A represents: 

CH-X-R (II) 
O 

OH 

Ot 

(III) 

OH 

B represents a monosaccharide or a derivative thereof 
other than glucose; I represents inositol or a derivative 
thereof; G represents glucose; and n represents an inte 
ger of 3 to 15; in formula (II) or (III), R1 to R; each 
represents a hydrogen atom, a lower alkyl group or 
(CH2)yCOOM (wherein y is 0, 1 or 2 and M represents 
a hydrogen atom or an alkali metal); and X to X; each 
represents an oxygen atom or a sulfur atom. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing the results obtained by 
measurement of change in absorbancy obtained in Ex 
ample 2. 
FIG. 2 is a graph showing the results obtained by 

measurement of change in absorbancy obtained in Ex 
ample 5. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereafter the present invention will be described in 
detail. 

In the substrate for measurement of a-amylase activ 
ity of the present invention, A which is the non-reduc 
ing end of the malto-oligosaccharide represented by 
general formula (I) or (V) may be unsubstituted glucose 
or may be substituted at the 4-position and/or 6-position 
of glucose (namely, general formula (II) described 
above). Further A may be one that the 4-position of 
glucose forms an alkylene bridge together with the 
6-position (namely, general formula (III) described 
above). 
As such, in general formula (I), A includes non-modi 

fied (unsubstituted) and modified (substituted) glucoses. 
Even if A is non-modified glucose, the substrate of the 
present invention can measure a-amylase activity much 
more accurately than in conventional substrates, but 
from the reason described below, it is preferred that A 
be a modified glucose. 
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That is, when the non-reducing end is glucose per se 
in substrates composed of malto-oligosaccharides, glu 
cosidase which is a coupled enzyme used upon measure 
ment of a-amylase activity cleaves a part of non-reduc 
ing end glucoses and makes an error in measurement of 5 
a-amylase activity in some occasion. 

Examples of the modified non-reducing ends include 
those having introduced substituents as shown in Table 
1 (a) and (b) described below in general formula (II) or 
(III) described above. 10 

TABLE 1. 

(a) General Formula (II) 
No. X X: R R2 

O O CH3 CH3 15 
2 O O CH3 H 
3 O S H CH5 
4. S S CH3 CH3 
5 S O CH3 H 
6 S S H CH3 
7 O O COOH CH 20 

(b) General Formula (III) 
No. Xs X4 R3 R 

8 O O CH3 H 
9 O S H CH3 
10 S O H CH5 25 
11 O O CH CH 

In general formula (I), specific examples of A-Gn 
include malto-pentose (Gs), malto-octanose (G8), mal- 3O 
todecaose (G10), malto-hexadecaose (G16), etc. Among 
them, Gs to G8 are preferred because they are excellent 
in water solubility and it is highly possible to uniformly 
undergo actions of 2 isoenzymes. 

In general formula (I), B which becomes the reducing 35 
end represents a monosaccharide other than glucose 
and a derivative thereof. The reason why B does not 
include glucose is to distinguish B over endogenous 
glucose. Specific examples of B include fructose, man 
nose, galactose, Sorbose, tagatose, etc. As the deriva- 40 
tives there are those having introduced a phosphate 
group therein. Of these, fructose is most preferred be 
cause of easy accessibility, reactivity, etc. 
Among compounds represented by general formula 

(I), compounds represented by the following formula 45 
(IV) are most preferred as the substrates for measure 
ment of a-amylase activity: 

CH-O-CH3 

OH OH 

wherein Zi and Z2 each represents a hydrogen atom or 
a phosphate group. 

Hereinafter, the compounds of general formula (IV) 
described above are sometimes referred to as MeCs F. 

Further in general formula (V), I which becomes the 
reducing end is inositol or a derivative thereof. By using 
inositol as I, I can be distinguished over endogenous 
glucose as described above. 

In the compounds represented by general formula 
(V), most preferred as the substrate for measurement of 

60 
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a-amylase activity are compounds represented by the 
following formula (VI): 

(WI) 
CHOH CHOH OZ 

O O 
/ 

OH OH 
HC-O O O OZe 

OH OH 4 OZs 

wherein Z3 to Z7 each represents a hydrogen atom or a 
phosphate group. 

Hereinafter the compounds represented by general 
formula (VI) described above may be sometimes re 
ferred to as GSI. 

Next, an example of the method for producing malto 
oligosaccharides represented by general formula (I) or 
(V) is shown. 

Firstly, cyclodextrin (which may be any of a, g and 
y) is reacted with monosaccharides other than glucose, 
for example, sucrose (G+F) (in the case of malto-oligo 
saccharide in general formula (I)) or inositol (in the case 
of malto-oligosaccharide in general formula (V)) in the 
presence of cyclodextrin glucanotransferase. As a re 
sult, cyclodextrin is ring-opened and, sucrose or inositol 
is rearranged onto the respective reducing ends and a 
new reducing end becomes fructose or inositol. In this 
case, dextrin is also cleaved so that the obtained dextrin 
is not limited only to the glucose number of the raw 
cyclodextrin but forms the glucose number lower than 
that. When the glucose number of malto-oligo saccha 
ride is less than a desired number, oligosaccharides 
higher than maltose may be again reacted with the 
obtained rearranged dextrin in the presence of cy 
clodextrin glucanotransferase. 
As has been described above, it is preferred that the 

non-reducing end glucose A in general formula (I) be 
modified at the 4-position and/or 6-position thereof, 
because the Ineasurement of a-amylase activity be 
comes much more accurate. In the case of modifying 
the 4-position and/or 6-position of the non-reducing 
end, the monosaccharide-rearranged malto-oligo sacc 
haride obtained by the method described above is re 
acted with dimethoxytoluene or methoxy-propane in 
the presence of an acid catalyst. As a result, the non 
reducing end represented by general formula (III) can 
be obtained. 
On the other hand, in the case of introducing the 

non-reducing end represented by general formula (II), 
6-position and/or 4-position of the compound repre 
sented by general formula (III) described above is 
changed to OH groups in the presence of a catalyst and 
an alkyl halide is then reacted therewith followed by 
catalytic reduction. Further in the case of converting 
any one of X1 to X4 into S, the compound represented 
by general formula (II) or (III) may be converted into a 
sulfonic acid ester followed by reacting a mercaptain 
with the ester. 

In the example described above, it is shown that su 
crose is employed as a raw material in the case of intro 
ducing fructose into the non-reducing end but maltosyl 
sucrose may also be used as the raw material. Further, 
commercially available malt-oligosaccharides may also 
be used in stead of cyclodextrin. As cyclodextrin gluca 
no-transferase, those derived from Bacillus macerans, 
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Bacillus megaterium, Bacillus circulans and Bacillus 
obencis, etc. as orgins thereof may be used. 
As a means for isolating and purifying the desired 

malto-ligosaccharide from the thus obtained reaction 
product solution, mention may be made of GPC, ion 
exchange chromatography, a method using a synthetic 
adsorbent or the like. 

Next, a method for measurement of a-amylase activ 
ity in a sample according to the method of the present 
invention using the malto-oligosaccharide represented 
by general formula (I) or (V) will be described below. 
When the substrate and glucosidase as a coupled 

enzyme are added to a sample such as a body fluid or 
the like, the reaction proceeds as shown below in the 
case of the malto-oligosaccharide represented by gen 
eral formula (I) (hereinafter MeC5F represented by 
general formula (IV) is used as a specific example of 
general formula (I)). 

MeG:F-amylass >Me-G + G-F 

G-F - lucosidase 2G -- F 

The thus liberated monosaccharides such as fructose 
or the like and derivatives thereof are reacted with, for 
example, mannitol dehydrogenase (MDH) or sorbitol 
dehydrogenase (SDH) in the presence of NADH 
thereby to produce NAD; by the change in absorbancy, 
the amount of fructose can be determined. 

MDH 
N 
NAD 

mannitol 

NADH 

SDH 

N 
NAD 

sorbitol 

NADH 

That is, the malto-oligo saccharide represented by 
general formula (I) is cleaved by a-amylase and glucosi 
dase as the coupled enzyme in the sample to form mono 
saccharides such as fructose, etc. By quantitatively as 
saying the malto-oligo saccharides with, for example, 
MDH, SDH or the like, the a-amylase activity in the 
sample can be determined. 
On the other hand, in the case of using the malto 

oligo saccharide represented by general formula (V), 
when the substrate and glucosidase as a coupled enzyme 
are added to a sample such as a body fluid or the like, 
the reaction proceeds as shown below (hereinafter G5I 
represented by general formula (VI) is used as a specific 
example of general formula (V)). 

G5I -a-amylase e-Gs -- G-I 

a-glucosidase G-I-cellucosidase Ge2G + 1 

The thus liberated inositol or derivatives thereof are 
reacted with inositol dehydrogenase (IDH) in the pres 
ence of NAD thereby to produce NADH; by the 
change in absorbancy, the amount of inositol can be 
determined." 

10 

5 

Inositol -R->2.4.6/3.5-pentahydroxy 
NAD NADH cyclohexanone 

As such, the substrate represented by general formula 
(V) used in the present invention is cleaved by a-amy 
lase and glucosidase as the coupled enzyme in the sam 
ple to produce inositol or derivatives thereof. By dehy 
drogenating the inositols with, for example, IDH or the 
like, a color forming reaction of NAD - NADH, 
whereby the produced NADH amount is measured to 
determine the a-amylase activity. 
The method of measurement in accordance with the 

present invention utilizes a color change reaction of 
NAD -2NADH, and the measurement can be made in 
high sensitivity with high accuracy. 
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As described above in detail, the substrate for mea 
surement of a-amylase activity contains the malto-oligo 
saccharide represented by general formula (I) or (V). 
The malto-oligosaccharide is cleaved by a-amylase and 
the coupled enzyme glucosidase in the sample to pro 
duce monosaccharides or inositol, whereby quantitative 
assay is enabled. In this case, the monosaccharide other 
than glucose or inositol is rearranged at the reducing 
end of saccharide so that there is no chance of being 
affected by endogenous glucose, maltose or the like 
contained in a sample. Accordingly, by the use of the 
substrate for measurement of a-amylase activity of the 
present invention, a-amylase activity can be measured 
accurately and efficiently. Further by introducing mod 
ified glucose in the non-reducing end of general formula 
(I), accuracy of the measurement can be more im 
proved. 

Further in the method for measurement of a-amylase 
activity, the malto-oligosaccharide represented by gen 
eral formula (I) or (V) is contacted with a sample in the 
presence of glucosidase and the thus liberated monosac 
charide or inositol or derivatives thereof is measured 
thereby to determine a-amylase activity in the sample, 
whereby a-amylase activity can be measured stably 
with high accuracy. In particular, by treating the liber 
ated monosaccharide with an enzyme in the presence of 
NAD or NADH, NAD or NADH can be obtained in 
this case, the measurement of absorbancy can be made 
stably without being affected by other contaminants in 
the sample. Further by treating inositol with an enzyme 
in the presence of NAD, NADH can be obtained; in this 
case, the measurement of absorbancy can be made sta 
bly without being affected by other contaminants in the 
sample. 

Hereafter the present invention will be described in 
more detail with reference to the examples below. 

EXAMPLE 1 

Production of MeCsF 
To 29.5 g of commercially available G5 were added 

140 ml of pyridine and 140 ml of acetic anhydride. The 
mixture was reacted at room temperature to give 51.8g 
of peracetated G5. In 165 ml of chloroform was dis 
solved 25.0 g of the obtained peracetated G.s. The solu 
tion was reacted with 30% HBr-acetic acid at 10° C. or 
below for 2 hours to give 24.5 g of peracetated Gs 
bromide. 
The peracetated G5 bromide was reduced with 6.7g 

of Hg(CN)2 and 33 ml of benzyl alcohol in benzene for 
2 hours to give peracetated Gs benzyl glycoside. Then 



5,043,436 
7 

peracetated G5 benzyl glycoside was hydrolyzed with 
sodium methoxide in methanol at room temperature to 
give 19.9 g of benzyl glycosidated G5. 
By reacting 19.9 g of benzyl glycosidated G5 with 

14.8 g of benzaldehyde dimethyl acetal in DMF in the 5 
presence of p-toluenesulfonic acid catalyst at 85°-90° C. 
for 4 hours, non-reducing end-4,6-O-benzylidene benzyl 
glycosidated G5 was obtained. 
The non-reducing end-4,6-0-benzylidene benzyl 

glycosidated G5 was reacted with 100 ml of pyridine 
and 100 ml of acetic anhydride at room temperature for 
48 hours to give 26.2 g of non-reducing end-4,6-O-ben 
Zylidene benzyl glycosidated Gsperacetate. By reacting 
26.2 g of non-reducing end-4,6-O-benzylidene benzyl 
glycosidated G5 peracetate with 180 ml of benzyl chlo 
ride in 370 ml of dioxan together with 180g of KOH at 
105 to 110° C. for 6 hours, non-reducing end-4,6-O- 
benzylidene perbenzylated G5 was obtained. Further 
the non-reducing end-4,6-O-benzylidene perbenzylated 
G5 was refluxed in 750 ml of acetone and 160 ml of 20 
N-NCI on a hot bath to split the benzylidene off, 
whereby 7.6 g of non-reducing end-4,6-OH-perben 
zylated G5, was obtained. 
Under shielding from light, 84 ml of methyl iodide 

was reacted with 7.6 g of non-reducing end-4,6-OH 
perbenzylated G5 in 240 ml of DMF together with 23.1 
g of BaO and 9.4 g of Ba(OH)2.8H2O for 48 hours at 
room temperature to give non-reducing end-4,6-O- 
methyl perbenzylated Gs. By catalytic reduction of the 
non-reducing end-4,6-O-methyl perbenzylated Gs with 
Pd in methanol/ethyl acetate at room temperature 
under normal pressure, 1.2 g of non-reducing end-4,6- 
di-O-methylated G5 was obtained. 

Next, this non-reducing end-4,6-di-O-methylated G5 
was made 10% w/v Solution and an equimolar amount 
of 4% w/v sucrose solution was mixed therewith. Bacil 
lus obencis-origined cyclodextrin glucanotransferase 
was added to the mixture followed by settling and re 
acting under conditions of 37 C. and pH of 6.0 for 16 
hours. The reaction solution was purified by column 
chromatography 16 hours after to give 0.12 g of MeC5F 
(wherein Zi and Z2 are hydrogen atoms). 

EXAMPLE 2 
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Measurement of a-amylase activity 

Reagent I was prepared by the following formula 
tion. 

Reagent I 
Substrate obtained 1 mmol/l (final concentration) 
in Example 1 
ci-Glucosidase 25 U/ml (final concentration) 
Mannitol dehydrogenase 40 U/ml (final concentration) 55 
NADH 
PIPES buffer (pH 7.0) 

0.16 mmol/l (final concentration) 
100 mmol/l (final concentration) 

To 800 ul of Reagent I described above was added 
100 ul of a sample serum containing 90 m U/ml and 270 
mu/ml, respectively. While incubating at 37° C. for 10 
minutes, change in absorbancy was measured at 340 nm. 
The results are shown in FIG. 1. 
From FIG. 1, it is understood that according to the 

method of the present invention, a good linear relation 
ship was obtained in any concentration after 6 minutes. 
so that according to the present invention, 60 -amylase 
activity can be measured stably with high accuracy. 

60 
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EXAMPLE 3 

Measurement was performed in a similar manner 
except that 100 mg/ml of glucose was further added to 
each sample serum. 
As a result, almost the same results as in FIG. 1 were 

obtained. f 

From the foregoing, it is understood that the method 
for measurement of a-amylase activity using the malto 
oligosaccharide represented by general formula (I) is 
not affected by endogenous glucose or the like at all. 

EXAMPLE 4 

Production of G5I 
After 200 U/g-Substrate of Bacillus obencis-origined 

cyclodextrin glucanotransferase was added to a Solution 
of 20 g of 3-cyclodextrin and 20 g of inositol, the mix 
ture was reacted under conditions of 60° C. and pH of 
6.0 for 25 hours. The reaction solution was subjected to 
separation by chromatography using a silica-packed 
column to give 8.8g of G2. - 

Next, 8 g of this G2I and 12 g of commercially avail 
able G4 oligosaccharide were dissolved in 400 ml of 
buffer (pH, 6.0) and, 200 U/g-Substrate of cyclodextrin 
glucanotransferase substrate was added to the solution 
followed by reacting at 37 C. for 20 minutes. Then, the 
reaction mixture was again subjected to separation by 
chromatography to give 1.8g of GSI. 

EXAMPLE 5 

Measurement of a-amylase activity 
Reagent II was prepared by the following formula 

tion. 

Reagent II 
Substrate obtained 
in Example 4 
a-Glucosidase 
Inositol dehydrogenase 
NAD 
PIPES buffer (pH 7.0) 

mmol/l final concentration) 

25 /ml (final concentration) 
40 UAml (final concentration) 
40 mmol/l (final concentration) 
100 mmol/l (final concentration) 

To 800 ul of Reagent II described above was added 
100 ul of a sample serum containing 55 ml/ml and 220 
mu/ml, respectively. While incubating at 37 C. for 10 
minutes, change in absorbancy was measured at 340 nm. 
The results are shown in FIG. 2. 
From FIG. 2, it is understood that according to the 

method of the present invention, a good linear relation 
ship was obtained in any concentration after 4 minutes 
so that according to the present invention, a-amylase 
activity can be measured stably with high accuracy. 

EXAMPLE 6 

Measurement was performed in a similar manner as in 
Example 5 except that 100 mg/ml of glucose was fur 
ther added to each sample serum. 
As a result, almost the same results as in FIG. 2 were 

obtained. 
From the foregoing, it is understood that the method 

for measurement of a-amylase activity using the malto 
oligo succharide represented by general formula (V) is 
not affected by endogeneous glucose or the like at all. 
While the invention has been described in detail and 

with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes 
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and modifications can be made therein without depart 

ing from the spirit and scope thereof. 

What is claimed is: 

1. A substrate for measurement of a-amylase activity 

comprising a malto-oligo saccharide represented by 

formula (V) described below: 

A-Gn-I (V) 

wherein A represents: 

(II) 

O 

O 
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-continued 

X-CH (III) 
R3 
N O 
C 

/ 
R4 OH 

X4 
OH . 

I represents inositol or a derivative thereof; G repre 
sents glucose; and n represents an integer of 3 to 15; in 
formula (II) or (III), R to R4 each represents a hydro 
gen atom, a lower alkyl group or (CH2)yCOOM 
(wherein y is 0, 1 or 2 and M represents a hydrogen 
atom or an alkali metal); and X1 to X each represents an 
oxygen atom or a sulfur atom. 

2. A substrate as claimed in claim 1 wherein I in said 
formula (V) is inositol. 

3. A substrate as claimed in claim 1 wherein n in said 
formula (V) is 4 to 7. 

4. A substrate as claimed in claim 1 wherein said 
malto-oligosaccharide is represented by formula (VI) 
described below: 

(V) 
CHOH CHOH 

O O 

OH OH 
HC-O O 

OH OH 

wherein Z3 to Z7 each represents a hydrogen atom or a 
phosphate group. 

k six k k sk 

  


